In large-scale conservation decisions, scenario planning identifies key uncertainties of ecosystem function linked to ecological drivers affected by management, incorporates ecological feedbacks, and scales up to answer questions robust to alternative futures. Wetland restoration planning requires an understanding of how proposed changes in surface hydrology, water storage, and landscape connectivity affect aquatic animal composition, productivity, and food-web function. In the Florida Everglades, reintroduction of historical hydrologic patterns is expected to increase productivity of all trophic levels. Highly mobile indicator species such as wading birds integrate secondary productivity from aquatic prey (small fishes and crayfish) over the landscape. To evaluate how fish, crayfish, and wading birds may respond to alternative hydrologic restoration plans, we compared predicted small fish density, crayfish density and biomass, and wading bird occurrence for existing conditions to four restoration scenarios that varied water storage and removal of levees and canals (i.e. decompartmentalization). Densities of small fish and occurrence of wading birds are predicted to increase throughout most of the Everglades under all restoration options because of increased flows and connectivity. Full decompartmentalization goes furthest toward recreating hypothesized historical patterns of fish density by draining excess water ponded by levees and hydrating areas that are currently drier than in the past. In contrast, crayfish density declined and species composition shifted under all restoration options because of lengthened hydroperiods (i.e. time of inundation). Under full decompartmentalization, the distribution of increased prey available for wading birds shifted south, closer to historical locations of nesting activity in Everglades National Park.
Introduction
Alternative scenario planning exercises can guide regional-scale conservation decisions and increase the resilience of management decisions to ecological surprises . Scenario planning is most appropriate when future conditions are uncertain, ecological complexity is substantial, and manipulations are cost and time prohibitive (Polasky et al. 2011) . After identifying key uncertainties, a set of alternative scenarios are developed based on known ecological drivers to inform restoration actions that are robust to a number of different futures (Bennett et al. 2003; Carpenter et al. 2015; Catano et al. 2015) . By comparing scenarios to models of baseline or existing conditions, alternative management options can be ranked relative to implementation costs or other values and constraints (Groot & Rossing 2011) .
Wetlands are among the most threatened ecosystems globally (Mitsch & Gosselink 2015) and are often the target of restoration efforts because of the importance of functions lost when they are degraded (Suding 2011) . Wetlands are valued and restored for a diverse range of functions such as water storage, flood protection, water purification, groundwater recharge, and fish and wildlife habitat (Novitzki et al. 1996) . One fundamental requirement of wetland restoration planning is an understanding of how proposed changes in hydrology impact food-web function and consumers that are used as indicators of restoration success. Two major components that can affect restoration outcomes are water storage necessary to provide seasonally appropriate hydroperiods (i.e. annual days of inundation) and the degree of hydrologic connectivity Leite et al. 2013) . Therefore, understanding these two components is necessary to evaluate potential management options.
The Florida Everglades, United States, is a large wetland recognized by the United Nations as a World Heritage Site that has undergone marked anthropogenic alternation from water extraction and nutrient enrichment (Davis & Ogden 1994) . Altered hydroperiods resulting from land-use changes have caused declines in animal abundance throughout the Everglades (DeAngelis et al. 2001 ) and recovering aspects of the historical hydropattern is considered the most direct route to regain historical productivity (Frederick et al. 2009; Gaiser 2009; Trexler & Goss 2009; McVoy et al. 2011 ). The Everglades is now undergoing a major restoration effort to recapture features of its ecological function that have been degraded by human activities (Sklar et al. 2005) . The desired features of a restored Everglades include large areal extent of interconnected wetlands, oligotrophy, sheet flow, productive estuaries, resilient plant communities, and historical abundances of wetland animals (RECOVER 2004; CISRERP 2006) . Large populations of nesting wading birds are among the defining characteristics of the Everglades and their recovery is a focal target for restoration (Ogden 1994) . Although historical hydropatterns are not fully known and some features cannot be reproduced because of peat loss and development inside the footprint of the historical ecosystem (Fennema et al. 1994) , restoration of wading bird populations is considered an indicator of restored hydrologic function. Population dynamics of three species in particular (Great Egret [Ardea alba], White Ibis [Eudocimus albus], and Wood Stork [Mycteria americana] ) are being used to detect restoration of the ecosystem functions that supported historical wading bird nesting patterns (Frederick et al. 2009 ).
The Everglades food web is a complex network of trophic interactions beginning with primary producers (e.g. plants and periphyton)-and the detritus they produce-and culminating with top predators (e.g. wading birds and alligators) that integrate productivity across trophic levels and over a large landscape scale (Gunderson & Loftus 1993; Beerens et al. 2015a; Trexler et al. 2015) . Seasonal hydrology interacts with subtle variation in elevation and topography to support these trophic linkages. For example, the area of habitat for aquatic organisms greatly expands during the wet season, when small fishes and invertebrates disperse across the marsh and increase in biomass (Loftus & Kushlan 1987) . In the dry season, when water levels recede, fish and crayfish become concentrated and available for capture by seasonally nesting wading birds. Small fish are the preferred prey of most wading birds, notably Great Egrets and Wood Storks, while crayfish are preferred prey of White Ibis and taken by other wading birds when fish are less abundant (Frederick & Spalding 1994) . RECOVER (2004) proposed a trophic hypothesis as a management guide to restore wading bird abundance and the spatial pattern of nesting by focusing on recovering prey productivity and foraging conditions (Trexler & Goss 2009) . A desired result of restored hydroperiods is to increase densities of small fishes and macroinvertebrates throughout the Everglades, but especially in the southern Everglades where rookeries historically supported the most nests. Because apex predators such as wading birds are food limited in much of the Everglades (Frederick & Spalding 1994; Herring et al. 2010) , the trophic hypothesis predicts that an increase in density of small fish and crayfish will benefit higher trophic-level consumers that depend on them as a food source. Therefore, increases in fish, crayfish, and wading birds may indicate recovery of important ecosystem function and resource availability during restoration.
In the current study, three restoration scenarios were compared to a reference condition and a restored condition for a 36-year climate period to evaluate the effects of incremental water storage and the removal of levees and canals (i.e. decompartmentalization) on the restoration of hydrology and ecology of small fish, crayfish, and wading birds in the Everglades (Table 1 ). In our evaluation of the response of key food-web elements to restoration scenarios, we considered small fish and crayfish that serve as essential prey to larger predators, and wading birds-an iconic avian assemblage that indicates and integrates ecological and hydrologic conditions in the Everglades (Gawlik 2006; Frederick et al. 2009 ).
Methods

Scenarios
The objective of this project was to determine, using existing modeling tools, how three water storage and decompartmentalization options would affect small fish density, crayfish density and biomass, and wading bird occurrence throughout the Everglades using rainfall observed over a 36-year time period . These options were evaluated by comparison to two references, an existing conditions baseline scenario (ECB) and the comprehensive Everglades restoration plan (CERP) scenario (Table 1) . The CERP scenario describes the idealized restoration goals approved by the U.S. Congress in the 2000 Water Resources Development Act (WRDA; USACE 1999; Sklar et al. 2001 ) and provides the most aquifer storage and recovery (ASR) in Lake Okeechobee (Table 1) . Partial restoration (PR; scaled-back CERP) assumes various proposed reservoirs will not be constructed because of cost limitations (Table 1) . Expanded storage and decompartmentalization (ESD) assumes expansion of the Everglades agricultural area (EAA) reservoir and connections between water conservation areas (WCAs) 3A and 3B (see Table 1 ; Fig. 1 ). Maximum storage and decompartmentalization (MSD) seeks to convey as much water as possible through the central Everglades, but without construction of all features proposed for CERP resulting in less demand for clean water (Table 1 ). The CERP model hydrology results from an effort to restore aspects of historical hydroperiods by removing anthropogenic barriers to Mitsch et al. 2015) .
Small Fish
The density of small fishes (standard length < 8 cm) in the Everglades is highly dependent on variation in hydrological conditions (Trexler et al. 2005 ). Based on 10-year time series data (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , Trexler and Goss (2009) parameterized a logistic population growth model to predict small fish densities based on the time since the end of the most recent drying event (days since dry [DSD] ; Appendix S1). Using the logistic model and parameters described in Appendix S1, Supporting Information, we estimated the average density (individuals/m 2 ) of small fish at each primary sampling unit (PSU) visited for our CERP Monitoring and Assessment Plan (MAP) dataset (RECOVER 2004) . PSUs were selected to be representative of the Greater Everglades wetland by tiling it with 800 by 800 m cells and selecting a finite-sample generalized recursive tessellation sample (GRTS) following Stevens and Olsen (2004) . A subset of the 1,024 cells was drawn for field sampling to yield a set of 138 PSUs where fish, macroinvertebrates, and periphyton are monitored annually in the wet season (Fig. 1) . We modeled these cells because we have field data that can be used for model validation (not reported here). Because these models compute log e (density + 1) to satisfy model assumptions, we back-transformed the results to yield fish density in units of number of individuals per-meter-square for each PSU. Daily estimates of fish density were calculated for the duration of the time series and summed to yield a cumulative fish density for each PSU. For all scenarios, we then calculated the average cumulative fish density for each of seven landscape sampling units (LSUs) that are enclosed by levees, canals, and/or mangrove creeks (Fig. 1 ). LSUs were selected by a process of best-professional judgment to enclose areas of similar habitat.
We used the model for Shark River Slough (SRS) for regions WCA 2A and Loxahatchee National Wildlife Refuge (LOX). The model for Taylor Slough (TS) was also used for Southern Marl Prairies (SMP). Densities for WCA 3A and 3B were computed using the model parameters developed for those areas ( Fig. 1 ). Daily estimates of fish density were calculated for each PSU for the duration of the time series and summed to yield a cumulative fish density.
Crayfish
Two species of crayfish have been identified in the marshes and sloughs of the Everglades: Procambrus fallax (slough crayfish) and P. alleni (Everglades crayfish). Temporal trends of abundance of these two species may indicate important changes in ecosystem function and trophic state. Prior research has demonstrated that P. fallax is more tolerant of fish predators and thereby favored in longer hydroperiod wetlands (Dorn & Trexler 2007; Kellogg & Dorn 2012) while P. alleni is generally restricted to shorter hydroperiod, lower predation marshes that experience more frequent and severe drying events (Hendrix & Loftus 2000; Dorn & Trexler 2007) . Although small fish densities are best predicted from DSD, we found hydroperiod, measured as the number of days per year that a site was inundated by more than 5 cm of surface water, to be the best hydrologic predictor of crayfish densities. We fit generalized logistic models, one with only hydroperiod and one with both hydroperiod and periphyton total phosphorus (TP) (Appendix S1). We then estimated crayfish density at each PSU visited for our MAP study. Because hydroperiod was calculated based on hydrology from the prior 365 days, the first estimated density begins at 1966 and continues through 2000. These hydroperiod values were then converted to a crayfish-density time series for each PSU for both the ECB and CERP scenarios. Crayfish density estimates were converted to biomass estimates because terminal mass of P. alleni is greater than P. fallax and is thought to be related to food quality of each (Appendix S1).
Crayfish density yielded better model fits than biomass, which is why we started with density estimates. Biomass estimates for each species were summed to estimate a cumulative crayfish biomass for the time series at each PSU. We then calculated the average cumulative crayfish biomass for each of seven landscape units that are enclosed by levees, canals, and/or mangrove creeks (Fig. 1) .
Restoration Ecology
Across the time series, we calculated the cumulative difference in predicted daily fish densities and crayfish biomass between the three hydrologic management options, CERP and ECB models for each region to summarize differences. These differences were calculated by subtracting fish densities and crayfish biomass estimated by ECB or CERP from the densities and biomass estimated under the management options (PR, ESD or MSD-ECB or CERP). Thus, the restoration options yield positive values if they predict greater fish densities and crayfish biomass in a region than is predicted by the ECB or CERP model. We also calculated the daily ratio of P. fallax biomass to P. alleni biomass to estimate the dominant species at each PSU and calculated the average ratio for each PSU over the time series.
Wading Birds
Wader distribution and evaluation modeling (WADEM) was developed to predict how wading birds respond to the changes in hydrology that will occur with Everglades ecosystem restoration (Beerens et al. 2015a (Beerens et al. , 2015b . It can predict Great Egret (Ardea alba), White Ibis (Eudocimus albus), and Wood Stork (Mycteria americana) foraging distributions across changing habitat conditions based on their selection of prey resources (defined by daily-multiannual hydrologic variables). This suite of indicator species provides a range of responses that can be used to evaluate and inform long-term ecological restoration planning and assess its interim success.
The spatial foraging conditions (SFC) model of WADEM was parameterized by pairing systematic reconnaissance flight (SRF) occurrence data for Great Egrets, White Ibises, and Wood Storks from 2000 to 2009 with hydrologic variables derived from the Everglades Estimation Network (Beerens et al. 2015a ). The Everglades Depth Estimation Network (EDEN) is an integrated 400-m grid network of real-time water-level monitoring, ground elevation data, and surface water modeling that provides estimated water depth information (±5 cm) for the entire freshwater portion of the greater Everglades (Telis 2006; Liu et al. 2009 ). Using the SFC, we estimated the daily spatial occurrence (i.e. presence of one or more birds) of Great Egrets, White Ibises, and Wood Storks for each South Florida Water Management Model (SFWMM) cell (Sklar et al. 2001 describes SFWMM). The output predicts the estimated frequency of occurrence in a cell over a 10-year period. To reflect the temporal scale of the SRF (approximately 5 monthly surveys/year), the daily output was divided by 50 to represent the maximum number of daily occurrences in a cell over the study period (as represented by the SRF). Further, the SFC predicts the frequency of occurrence for a 2 × 2-km cell, so output was then multiplied by 10.36 to represent the 2 × 2-mi cells of the SFWMM. The converted daily output is considered to be a conservative estimate for the predicted change in the abundance of foraging wading birds because it represents the change in occurrence, which could range from one to hundreds of birds.
For each scenario, we calculated daily predicted occurrence for 696 cells (7,211 km 2 ) of the SFWMM, the approximate coverage of the EDEN. To evaluate the effects of the selected suite of restoration projects on predicted wading bird occurrence, we calculated the cumulative percent change in the daily predicted occurrence during the breeding months of January-May, for the ECB and CERP relative to the three hydrologic management options for each discrete water management region (LOX, WCA 2A, WCA 3A, WCA 3B, Big Cypress National Park [BCNP] , and Everglades National Park [ENP]; Fig. 1 ). We also calculated and mapped the percent change for each of the three management scenarios relative to the two baselines to determine spatial changes in predicted wading bird occurrence over the length of the simulation.
Results
Small Fish
The model results varied by region, but in most cases PR, ESD, and MSD predicted fewer drying events and longer cumulative days since dry-downs (i.e. DSD) across the time series when compared to the ECB reference, resulting in predictions of greater cumulative production of fish (Table S1 ; Fig. 2 ). The exception was for region WCA 3A, where only MSD predicted less drying than the ECB. When compared to the CERP scenario, ESD generally predicted lower fish density in WCA 3A and fish density under MSD was lower in WCA 2A. However, fish densities in WCA 2A, LOX, and SMP were predicted to increase compared to CERP. The percent difference in average fish density between the management options and baseline models was almost always higher when compared to the ECB than when compared to CERP, except for WCA 3A (Table  S1 ). MSD was predicted to have the largest increase of fish density in SMP (101%), but failed to meet the prediction for CERP in WCA 2A (−12.4%; Table S1 ). ESD predicted the highest prey density in WCA 2A, but predicted the lowest prey density in WCA 3A. PR had the lowest increase of fish density in TS, but also declined the least in WCA 3A. Despite PR prey density declining the least in 3A, MSD did increase in more of northern 3A, but had larger decreases in southern 3A and along the L67 canal (Fig. 2) . In most other cases the differences were relatively small. However, because large areas of fish biomass were concentrated in the dry season, even modest per-meter-square differences in wet-season biomass have the potential to increase bird food availability in a geometric fashion (biomass is concentrated from a two-dimensional landscape).
Crayfish
In most regions, PR, ESD, and MSD predicted longer hydroperiods across the time series when compared to the ECB, which increased Procambarus fallax density and decreased P. alleni compared to ECB (Table S2) . In WCA 3A, all scenarios predicted shorter hydroperiods than ECB. Compared to ECB, P. alleni density decreased in all regions except WCA 3A under the three management options because this is the short-hydroperiod-preferring crayfish species (Table S2) . Overall, the three management options predicted a 25% decrease in P. alleni density. Trends in P. fallax density exhibited less spatial variability with approximately a 5% increase under the three scenarios compared to ECB (Table S2) . Both populations were similar to CERP estimates; overall differences ranged from −2 to 2% (table not shown).
Combining predictions for the two species, the only region in all scenarios to experience a noteworthy increase in total crayfish density and biomass was WCA-3A (Table S3 ; Fig. 3) . Under all scenarios, decreases in crayfish biomass were greater than the decreases estimated in crayfish densities (Table S3) . Compared to CERP, neither crayfish biomass nor density was predicted to change by more than 1% (table not shown). Throughout the Everglades landscape, changes in total crayfish biomass (both species summed) were predicted to experience greater fluctuations than total crayfish densities. Under the three management options, most of the declines in crayfish populations relative to ECB were predicted within ENP (Table S3) . However, under all scenarios many of the sites experienced no change in crayfish biomass when compared to CERP (<±5%). Estimates of species dominance using density and biomass were similar at most PSUs (data not shown). All differences in estimates of species dominance based on density and biomass predicted P. alleni dominance by biomass because of . In both panels, white bubbles correspond to a change ±5%, which we treat as no change/red bubbles for negative changes and green for increases in fish density under the option. Bubbles are sized proportional of change.
Restoration Ecology
its larger size. Under all scenarios, P. fallax was the dominant species at over 70% of the PSUs, for both density and biomass predictions.
Wading Birds
For all species, the three restoration options were predicted to increase the occurrence of wading birds relative to the ECB, but failed to meet CERP predictions (Fig. 4) . The regional comparisons differed by species (Tables S4-S6) . For Great Egrets, the highest predicted increases in occurrence under all scenarios were in BCNP and ENP (Table S4) . ESD had the largest predicted increase of Great Egrets in WCA 2A (5.1%) and WCA 2B (15%) relative to ECB, whereas PR had the highest increase in WCA 3A (14% ; Table S4 ). Predicted occurrence was lower than CERP for all scenarios in WCA 3B (particularly ESD; −18.1%) and for PR (−9.1%) and MSD (−14.4%) in WCA 2B (Table S4 ). In all three management scenarios, predicted occurrence in the southern Everglades was higher than ECB, but failed to yield the benefits predicted for CERP in southeast ENP for PR, eastern ENP and WCA 3B for ESD, and northern WCA 3A for MSD (Fig. 5) . CERP, followed by PR, provided the greatest predicted increase to Great Egret occurrence early in the breeding season (Fig. 6 ) and all management options increased predicted occurrence throughout the breeding season relative to the ECB. For White Ibis, smaller relative changes were predicted in all regions because unlike the other species, their occurrence is not related to hydroperiod (Beerens et al. 2015a) . ESD was predicted to have the highest occurrence in WCA 2A, but had the lowest occurrence in WCA 3B (Table S5) . For all three management options, percent change maps indicated that White Ibis occurrence is predicted to increase the most northwest of the current L-67 canal and the areas flanking SRS (Fig. 5 [MSD  only] ). CERP is qualitatively similar to the three management options, but occurrence was predicted to be higher than PR in southeast ENP, higher than ESD in WCA 3B, and higher than MSD in northwest WCA 3A (map not shown). CERP provided a slight predicted increase in White Ibis occurrence early in the breeding season compared with the other management options, but all options increased predicted occurrence throughout the breeding season relative to the ECB (Fig. 6) .
Under all scenarios, predicted Wood Stork occurrence was higher than ECB in WCA 3A, BCNP, and ENP (Table S6) . ESD was the only scenario in which predicted occurrence declined greater than 5% in comparison with ECB (WCA 3B). MSD was the only scenario that had higher predicted occurrence in WCA 2B compared with ECB (10.9%). Higher occurrence was predicted under CERP in WCA 2B (PR, ESD, MSD), WCA 3B (ESD, MSD), and WCA 3A (ESD ; Table S6 ). Similar to the Great Egret, which also relies on deeper water habitat and longer hydroperiods for fish production, all three management scenarios predicted higher occurrence in southern WCA 3A and the areas in ENP flanking SRS (Fig. 5 [MSD only] ). Similar to the White Ibis, Wood Stork occurrence under CERP was predicted to be higher than PR in east ENP, higher than ESD in WCA 3B (Table S6) , and higher than MSD in northern WCA 3A (Fig. 5) . Similar to Great Egrets, CERP, followed by PR, provided the greatest increase in Wood Stork occurrence early in the breeding season (Fig. 6) , which may promote earlier breeding by storks-a defined restoration goal (Frederick et al. 2009 ). Weighted by area, CERP was predicted to provide the highest increase for all species, whereas ESD provided the least predicted increase in predicted occurrence relative to ECB (Table S4-S6) .
Discussion
We used a scenario planning approach to examine how key mechanisms proposed to restore ecosystem function in the Everglades (e.g. water storage and decompartmentalization) could increase landscape-level prey population sizes and their seasonal availability to breeding wading birds. All restoration scenarios we considered yielded benefits compared to existing conditions (ECB) and in some cases met targets derived from our most ambitious restoration plan (CERP). There was regional variation in the effects predicted under each scenario depending on the degree and spatial arrangement of water storage and decompartmentalization provided by each scenario. This was demonstrated by spatial shifts in prey production (small fishes), species composition (crayfish), and foraging activity (wading birds).
Prey Production
Altered hydrologic regimes associated with impoundments are one of the three leading threats to freshwater fauna in the United States (Richter et al. 1997) . Therefore, it is not surprising that removing impoundment features and increasing water storage, both of which reduced frequency of marsh dry-downs, increased the predicted density of small fish compared to ECB throughout most of the Everglades. CERP and MSD, which provide the most water storage, demonstrated the highest predicted increases in fish density. The expanded decompartmentalization in MSD goes the furthest to recreating historical patterns of fish density based on analyses with the Natural System Model (Trexler et al. 2003) in areas that are currently drier than in the past and by draining the excess water ponded by levees in southern WCA 3A.
Restoration Ecology
The results vary spatially and illustrate the local impacts of the existing impoundments because of engineered compartmentalization of the Everglades. For example, of the three management options, MSD has the highest predicted increase in fish density in WCA 3B and ENP, both of which currently experience shorter-hydroperiod conditions than they did historically. However, MSD also predicts decreases in prey density in southern WCA 2. Under similar decompartmentalization, but less storage (i.e. ESD), lower fish densities were predicted in WCA 3A, but higher densities were predicted farther north in WCA 2A. When CERP water storage was reduced under PR, decreases in fish density were predicted in SRS and TS because of decreased hydration in the southern Everglades. These scenarios illustrate problems of simple evaluation criteria preferring more fish in all cases. Ponding of WCA 3A has yielded more fish in the southeastern portion of that region than is believed to have been present historically, but at the expense of fewer fish in much larger areas of the ecosystem. Furthermore, fish in these ponded areas seldom become concentrated by drying events or otherwise contribute to production of high-quality foraging patches that benefit apex predators such as wading birds and alligators. Removal of this ponding will decrease fish density locally, but create greater production over much larger areas newly connected. Clearly, producing more fish is only part Figure 5 . Percent change from ECB (left) and CERP (right) to MSD in average daily Great Egret, White Ibis, and Wood Stork occurrence for each SFWMM cell over a 34-year time period . Red cells represent a greater than 5% decrease and dark green cells represent a greater than 5% increase in occurrence relative to the baseline. of the equation to support a historically functioning Everglades food web (Botson et al. 2016 ).
The simple model used for fish assumes postrestoration populations will recover from droughts similarly to patterns currently observed (Trexler et al. 2003) . However, the current model parameterization incorporates regional differences in drought recovery that probably arise from different patterns of habitat connectivity that affect fish dispersal and access to drought refuges that provide postdrought colonists (Parkos & Trexler 2014; Hoch et al. 2015) , as well as predator abundance affecting the asymptotic density (Chick et al. 2004; Parkos et al. 2011) . If CERP and full decompartmentalization (decomp) succeed, these patterns will change. Although we can speculate on how decomp will alter the shape of recolonization curves, we felt that doing so added more uncertainty to the results than using existing data. Our assumption is that holding the curve shapes constant across scenarios produces an internally consistent set of scenario ranks. Future work should consider linking changes in connectivity and predator abundance to predicted changes in recolonization curves to evaluate if the magnitude of decomp benefits is changed, and more important if scenario rankings are changed. Because the spatial area of regions with predicted increases exceeds the spatial area of regions diminished (just a portion of WCA 3A), we believe the net benefit of decomp will be positive to the extent predicted here or perhaps even more so.
Species Composition
Our results suggest that all management options would decrease observed crayfish biomass compared to the ECB because of lengthened hydroperiods. The long-hydroperiod crayfish (Procambarus fallax) maintains lower standing crops (biomass) than does the short-hydroperiod species (P. alleni), so management benefiting P. fallax yields a net decrease in total crayfish biomass. The increased hydroperiods predicted under the three management options compared to ECB predicted increased biomass of P. fallax. Importantly, the same patterns are predicted by the CERP model, suggesting that there may have been lower crayfish biomass (and density) in the historical Everglades and that the range of P. alleni may have been restricted compared to today. It is possible that much of the historical range of P. alleni was outside of the modern Greater Everglades ecosystem, in areas now drained for agriculture or housing. At present, we have no empirical basis to consider either species as preferable in supporting wading birds or other apex predators; this model output suggests that this should be a topic of future research. Everglades management scenarios can have major impacts on the relative abundance of the two species, even though the overall crayfish biomass is much less sensitive because of compensatory dynamics between the two species (reductions in density of one species are compensated by increases in density of the other). These results underscore limitations to restoration planning because the extensive short-hydroperiod habitats of the historical Everglades are now lost to development (Light & Dineen 1994) . Recovering historical aerial coverage of habitats with this hydroperiod in the current footprint of the Everglades would require shortening hydroperiods of the central Everglades more than has already been accomplished.
The crayfish model reported here is subject to similar uncertainties discussed for the fish model regarding sources and rates of species recovery by dispersal following droughts. It was parameterized by fitting simple models to observed data emphasizing hydrologic predictors because those are most directly affected by management and the focus of our alternative restoration scenarios. Actual hydrologic impacts on crayfish species composition and abundance in the Everglades are complex and a continuing source of research. Procambarus alleni and P. fallax are differently sensitive to fish predation, competition, and substrate-dependent resistance to drying disturbances (Dorn & Trexler 2007; Dorn & Volin 2009; Dorn & Cook 2015) . Interspecific competition and predation yield the complementary hydrologic response modeled for these species. Because high abundance of aquatic predators favors P. fallax, who require peat substrate for burrowing to escape these predators, and these predators require long-hydroperiod conditions, this mechanistic basis for species replacement may be predicted adequately by our model. However, restoration could lead to a mismatch of soil-type and hydroperiod for many years because peat is slow to accrete in formally over-dried habitats. The response of crayfish to such a mismatch is a source of uncertainty for our crayfish model.
Prey Availability for Wading Birds
When hydrologic conditions in wetlands are altered, species habitat use can shift and have profound effects on reproductive effort and population trends (Gibbs 2000; Roy et al. 2005) . In the Everglades, the reduction of historical freshwater flows and hydrologic connectivity has led to geographic relocation of wading bird nesting colonies that were once prevalent in the southern basins (Frederick et al. 2009 ). These shifts in habitat use are largely believed to be caused by overdrainage and a resulting decline in prey availability in the once productive southern coastal zone (Frederick et al. 2009 ). Results from this study strongly suggest that increases in water storage and hydrologic connectivity can effectively redistribute water and improve wading bird habitat across the Everglades, rehydrating areas where wading birds historically nested in greater numbers.
In the proposed set of restoration options, the CERP scenario goes the furthest to optimize prey production and availability for the suite of wading bird indicator species considered in this study. In the remaining scenarios, cumulative wading bird occurrence was predicted to be greater than the ECB, but the increases differed by region and, in some areas, predicted occurrence was much lower than CERP. Primarily, the water storage features in CERP (e.g. ASR and Lakebelt reservoirs) played a major role in keeping southern areas hydrated during droughts leading to increased prey availability in subsequent dry seasons. With reduced storage under PR (under the assumption that the Lakebelt reservoirs are unfeasible), a greater than 5% decrease was predicted along the east side of WCA 3B and ENP. When increased water storage (1.5 million acre-feet; ESD) is added to the EAA (to compensate for the loss of the Lakebelt reservoirs and Lake Okeechobee ASR) and connectivity was expanded between WCA 3A and 3B, predicted wading bird occurrence in southeast ENP was comparable to CERP. However, ESD also caused the greatest decrease in predicted occurrence in WCA 3B for all species. These effects were ameliorated when an additional 1 million acre-feet of storage are added to the EAA (MSD), but decreases were also predicted in northern WCA 3A for all species because of higher water conditions. The increased hydrologic connectivity provided by CERP decreased ponding in southeast WCA 3A and increased water flows to ENP substantially increased the predicted occurrence of Great Egrets and Wood Storks, followed by PR in WCA 3A and MSD (i.e. full connectivity) in ENP. This indicates that the availability of increased fish to wading birds is predicted to shift south from WCA 3A-B (best under CERP and scaled-back CERP) to ENP when full connectivity is restored. Regardless, the increased flows to northern WCA 3A decreased ponding in southeast WCA 3A, and increased water flows to ENP substantially increased predicted wading bird occurrence under all restoration options.
This study also demonstrates a disproportionate early breeding season increase in predicted occurrence via restoration of historical hydrologic patterns, which may profoundly affect stork nesting (Beerens et al. 2015b) . Stork nest initiation date has shifted from November-December (1930 to January-March (1980s-present; Ogden 1994; Frederick et al. 2009 ) because of the loss of early dry season habitat (Fleming et al. 1994) . As a result of late initiation, stork nesting now routinely continues into the beginning of the wet season, when food resources become very scarce due to rising water levels, stork colonies often abandon en masse, and fledging chicks have very low survival (Ogden 1994; Borkhataria et al. 2012) . This study supports the hypothesis that with restored conditions, storks will nest earlier and be more likely to fledge successful offspring (Fleming et al. 1994; Ogden 1994) .
We illustrate the application of three models (fish production, crayfish production, wading bird foraging responses) for use in scenario evaluation and comparison in the context of Everglades restoration. Our results illustrate the benefits and challenges associated with this approach for selecting among alternative restoration futures. We found spatial complexity in the benefits and costs of each restoration scenario, but all alternatives considered yielded a net benefit at the ecosystem scale for restoration of wading bird habitat (Beerens et al. 2015b ). These benefits were gained by a combination of lengthening hydroperiod in key areas, increasing habitat connectivity, and making large areas currently ponded more readily available for wading bird foraging. Some prey locally decreased in abundance in all scenarios, but production was redistributed to better match expected historical patterns and improve production of much larger areas than those harmed. Wading bird occurrence was increased by all scenarios, though none fully matched the restoration envisioned at the outset of Everglades restoration, before the realities of meeting water quality standards and construction costs were fully appreciated.
Can this approach be applied widely in ecosystem restoration? Scenario comparisons are most widely used in regional restoration programs because of the sophistication of modeling required. Our prey models are actually quite simple, but required an extensive monitoring program to parameterize. More challenging was the hydrologic information needed to model each scenario. These were provided to us by a large modeling staff at State and Federal agencies involved in Everglades restoration. Clearly, the value of scenario comparisons is proportional to the ability to predict the outcome of engineering actions (levee
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removal, water flow diversion, etc.). If such models are available, scenario planning can provide a compelling method to select among engineering alternatives and focus debate on costs and benefits of those options. Model uncertainty will also be a concern, but we believe that comparison of alternative scenarios with model uncertainty held constant among them provides some respite from this limitation. Table S1 . Percent difference of cumulative small-fish density between existing conditions baseline (ECB) and comprehensive Everglades restoration plans (CERP) baselines and the three restoration options. Table S2 . Percent difference between cumulative daily Procambarus alleni and Procambarus fallax density (#/m 2 ) estimates from the three management options and existing conditions baseline model. Table S3 . Percent difference between cumulative daily crayfish density (#/m 2 ) and biomass (g/m 2 ) estimates from the three management options and existing conditions baseline model. Table S4 . Percent change in average Great Egret occurrence between existing conditions baseline (ECB) and comprehensive Everglades restoration plans (CERP) baselines and the three management option scenarios by region. Table S5 . Percent change in average White Ibis occurrence between existing conditions baseline (ECB) and comprehensive Everglades restoration plans (CERPs) baselines and the three management option scenarios by region. Table S6 . Percent change in average Wood Stork occurrence between existing conditions baseline (ECB) and comprehensive Everglades restoration plans (CERP) baselines and the three management option scenarios by region. : Paul Wetzel Received: 14 January, 2016; First decision: 29 April, 2016; Revised: 13 February, 2017; Accepted: 13 February, 2017 Restoration Ecology
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